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[57] ABSTRACT 
In a submerged are multiple wire welding system, only 
one or two of the welding wires used are over or mi 
croalloyed wires. The other wires are commercially 
available unalloyed or low-alloyed solid wires. The 
process produces a weld metal which has unexpectedly 
high toughness values, and can be performed more 
economically. This multiple wire welding system is 
used in single or multiple-pass welding operations. ‘ 

20 Claims, 9 Drawing Figures 
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SUBMERGED ARC WELDING PROCESS 

FIELD OF THE INVENTION 

The present invention relates to a process for sub 
merged arc welding employing a plurality of welding 
wires. 

BACKGROUND OF THE INVENTION . 

A large number of welding operations are performed 
by the so-called “two pass” method. This is the most 
economical submerged arc welding method to join 
plates in a thickness range of 3 to 40 mm. The weld 
preparation is very simple, and in most cases a ?ame cut 
is suf?cient. In the upper thickness range of approxi 
mately 16 to 25 mm, welding is generally carried out by 
the so-called “Y-weld”, which facilitates adapting the 
welding data to the penetration depth of the arc. A third 
possible weld, particularly intended for materials with 
high plate thickness, is the double-Y-weld. The best 
known and economically most important uses of this 
third type of submerged arc welding is in ship building 
and in the manufacture of large pipes for transporting 
gases and liquids. Over the last few years, particular 
importance has been attached to the manufacture of 
large pipes for transporting natural gas and petroleum. 

' Submerged arc welded pipes are now being laid in 
regions subjected to particularly low temperatures in 
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winter. Consequently, the pipe material and the welds 30 
have high toughness requirements at such low tempera 
tures. Such toughness requirements are generally ex 
pressed in notch impact values, determined with 
Charpy V-notched specimens at temperatures between 
—20 and —60° C. 
Only since the 1970’s have single-pass and two-pass 

welds been used in the manufacture of such pipes to 
produce the necessary quality. Previously, such welds 
had a microstructure much too coarse to obtain good 
notch impact values. 
The discovery of the action of microalloys, particu 

larly the action mechanism of small contents of Ti and 
B in combination with minimum contents of oxygen and 
nitrogen, permitted production of large single-pass and 
two-pass welds with very high toughness values at low 
temperatures. During the solidi?cation and cooling 
process of the weld, these microalloying elements form 
a high proportion of acicular ferrite, instead of the 
coarse and brittle proeutectoid ferrite. Acicular ferrite 
is responsible for and a prerequisite for high toughness 
levels at low temperatures. 
A very large number of publications have appeared 

over the last 13 years in this very important ?eld of 
welding metallurgy. The International Institute of 
Welding (IIW) has also carried out extensive research 
in connection with this phenomenon. Such welds now 
form part of the prior art, e. g., Swiss Patent Application 
No. 9592/80. 
The alloying of titanium and boron into the sub 

merged arc welds is carried out with different methods, 
as follows: 1 

(a) alloying the solid wire or wires using a welding 
powder giving low oxygen and nitrogen values; 

(b) alloying a ?ller wire which is then used in the 
same way as a solid wire for submerged arc welding; or 

(0) using a welding powder which alloys all or part of 
the necessary microalloying elements into the weld 
metal during the welding process, while using a stan 
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2 
dard, commercially available welding wire without 
microalloying elements. 

Applicant’s assignee has been producing ?ller wires 
according to method (b) for a number of years. Appli 
cants consider this method to be the most accurate 
method for supplying the very small contents of mi 
croalloying elements in a metallurgically effective man 
ner to the welding process (see Swiss Patent Applica 
tion No. 9592/ 80). 
The use of multiple wire welding is increasing in the 

manufacture of pipelines according to the spiral or lon 
gitudinal weld system. In multiple wire welding, a plu 
rality of identical wires or electrodes are arranged in 
single file during submerged arc welding. Although 
each individual welding wire generally produces its 
own arc, the weld pools of all the participating wires 
combine into a single pool. The multiple wire arrange 
ment permits use of plural thinner wires, in lieu of a 
single thicker wire, thereby facilitating higher welding 
speeds. According to the rule of thumb, two wires dou 
ble the possible welding speed, three wires triple it, and 
four wires quadruple it. The use of more than four wires 
is not usual within the present state of the art. 
According to the presently conventional methods, 

one to four identical microalloyed ?ller wires or solid 
wires are used for welding single and two-pass welds. 
These conventional methods are relatively expensive 
because microalloyed ?ller or solid wires are much 
more expensive than standard submerged arc welding 
wires. However, due to the much higher quality re 
quired for the welds, the higher priced microalloyed 
wires have to be used. 

SUMMARY OF THE INVENTION 

According to the present invention, in multiple wire 
submerged arc welding, the microalloying elements are 
supplied by a single wire. In the case of a four-wire 
welding process, the required microalloying elements 
can be satis?ed by a maximum of two wires. The re 
maining wires used in multiple wire welding are in the 
form of inexpensive, commercially available wires. 
The process of the present invention is signi?cantly 

more economical because the cost of unalloyed solid 
wire suitable for submerged arc welding is approxi 
mately only 30 percent of the cost of microalloyed ?ller 
wire. In the case of four-wire welding, this would lead 
to a considerable reduction in the wire cost. 
The tests conducted on this process have surprisingly 

shown that the effectiveness of the microalloying ele 
ments is clearly reinforced by the special manner of the 
concentrated injection into the weld metal. The notch 
impact values obtained are well above those of welds 
with the same microalloyed welding wires. The micro 
structure of the welds have a higher acicular ferrite 
content than welds made by multiple wire welding with 
three normally alloyed "Ti and B-containing ?ller wires. 

Certain importance is attached to the position of the 
microalloyed ?ller wire when carrying out the welding 
process according to the invention. Most favorable 
results are obtained if the microalloyed ?ller wire or 
electrode is positioned as the ?rst welding head. The 
increased metallurgical effectiveness of the microalloy 
ing elements is probably due to the rising of the active 
alloying elements from the cavity base (i.e., base mate 
rial or weld metal fusion line) such that the alloying 
elements have a particularly intense metallurgical in?u- _ 
ence in the ?rst melting phase on the particularly criti 
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cal molten base material (which represents 50 to 80% of 
the total weld metal). 
The most important process in this type of welding is 

the hardening of the free nitrogen by means of the me 
tallic boron traces. A weld meta] treated in this way is 
relatively insensitive to its oxygen content. Thus, it 
permits the use of neutral or at least less basic welding 
powder giving a weld metal with a higher oxygen con 
tent. Such welding powder is normally accompanied by 
a higher welding speed and a higher welding current, 
permitting higher deposit ef?ciencies. 
Other objects, advantages and salient features of the 

present invention will become apparent from the fol 
lowing detailed description, which, taken in conjunc 
tion with the annexed drawings, discloses preferred 
embodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Referring to the drawings which form a part of this 
disclosure: 
FIGS. 1a and 1b are side elevational views of an 

I-weld; 
FIGS. 2a and 2b are side elevational views of a Y 

weld; 
FIGS. 3a and 3b are side elevational views of a dou 

ble Y-weld; and 
FIGS. 4, 5 and 6 are side elevational views of two, 

three and four wire welding systems, respectively, ac 
cording to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring initially to FIGS. 10 to 3b, the various weld 
shapes are illustrated with the corresponding weld 
passes. In each instance, a ?rst pass E is followed by a 
second pass Z. 

In FIGS. 1a to 3b, the plates to be welded are spaced 
by a distance b and have thickness s. The Y-weld of 
FIGS. 2a and 2b, has upper portion de?ning an angle a 
and a lower portion having a height 0. The double 
Y-weld of FIGS. 30 and 3b comprises an upper portion 
de?ning an angle on and having a height h, a lower 
portion de?ning an angle a; and having a height b2, and 
an intermediate portion separating the upper and lower 
portions by a distance 0. 

In FIGS. 4-6, two, three and four wire welding sys 
tems are illustrated. In each instance, the welding wires 
or electrodes are arranged in a single ?le. In the two and 
three wire systems of FIGS. 4 and 5, the over-microal 
loyed wire is the ?rst welding wire in the welding direc 
tion. In the four wire system of FIG. 6, the microal 
loyed or overalloyed wires are the ?rst and third weld 
ing wires in the welding direction. The remaining wires 
are standard unalloyed or low-alloyed solid wires. An 
over-microalloyed wire is a wire having a microalloy 
elements concentration greater than the desired mi 
croalloy elements concentration in the resulting weld. 
Each system has an alloying factor de?ned by the total 
number of welding wires divided by the number of 
over-microalloyed wires. The ?ux can be analytically 
neutral (i.e., causes little or no effect on the chemical 
composition of the weld relative to the unalloyed or 
low-alloyed wires), or can include microalloying ele 
ments. 
The following Examples illustrate the results ob 

tained with such microalloyed ?ller wires. In each of 
the ?ve Examples the submerged arc welding process 
was performed on an X 60 mod. pipe steel according to 
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4 
API, welding in each case taking place in two passes. 
The plate thickness was 19.1, mm. 

In the Examples, the following ?ller wires were used 
having pure weld metal with the compositions speci 
?ed: 
Wire A (Fluxocord 35.22) is used for l, 2, 3 or 4 wire 

welding according to conventional methods as normal 
microalloyed ?ller wire, and is composed of 

C: 0.05% 
Mn: 1.2% 
Si: 0.2% 
Cr: 0.4% 
M0: 0.2% 
Ti: 200 ppm 
B: 40 ppm 
Wire B (Fluxocord 35.22D) is used for two wire 

tandem welding or four wire welding according to the 
process of the present invention, and is composed of 

C: 0.05% 
Mn: 1.9% 
Si: 0.3% 
Cr: 0.8% 
M0: 0.4% 
Ti: 400 ppm 
B: 80 ppm 
Wire C (Fluxocord 35.22-3D) is used for three wire 

welding according to the process of the present inven 
tion, and is composed of 

C: 0.05% 
Mn: 2.6% 
Si: 0.4% 
CI‘: 1.2% 
M0: 0.6% 
Ti: 600 ppm 
B: 120 ppm 
Wire D is commercially available S1 wire, and is 

composed of 
C: 0.07% 
Mn: 0.5% 
Si: 0.1% (max) 

EXAMPLE 1 

A weld was formed with a three wire welding system 
employing three microalloyed wires of the Wire A 
type. Welding powder OP 122 was used. The ?rst wire 
was connected to 810 A at 30 V. The second wire was 
connected at 790 A at 33 V. The third wire was con 
nected to 680 A at 34 V. The welding speed was 125 
cm/min. The notch impact strength in Joules, accord 
ing to ISO-V at —20° C, was 42/48/48. 

EXAMPLE 2 

A weld was formed with a three wire welding system 
employing three microalloyed wires of the Wire A 
type. Welding powder OP 121 was used. The ?rst wire 
was connected to 810 A at 30 V. The second wire was 
connected at 790 A at 33 V. The third wire was con 
nected to 680 A at 34 V. The welding speed was 125 
cm/min. The notch impact strength in Joules, accord 
ing to ISO-V at —20° C., was 37/40/74. 

EXAMPLE 3 

A weld was formed with a four wire welding system 
employing two microalloyed ?ller wires of the Wire B 
type (?rst and third wires) and two solid wires of the 
Wire D type (second and fourth wires). The welding 
powder was OP 121 TT. The ?rst wire was connected 
to 700 A at 32 V. The second wire was connected to 650 
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A at 32 V. The third wire was connected to 600 A at 35 
V. The fourth wire was connected at 550 A at 33 V. 
The welding speed was 130 cm/min. The notch impact 
strength in Joules, according to ISO-V at —20° C. was 
95/ 108/ l 16. 

EXAMPLE 4 

A weld was formed with a three wire welding system 
employing one microalloyed wire of the Wire C type 
(?rst wire), and two unalloyed wires of the Wire D type 
(second and third wires). Welding powder OP 121 TT 
was used. The ?rst wire was connected to 810 A at 30 
V. The second wire was connected at 790 A at 33 V. 
The third wire was connected to 680 A at 34 V. The 
welding speed was 125 cm/min. The notch impact 
strength in Joules, according to ISO-V at —20° C., was 
96/ 100/ 102. 

EXAMPLE 5 

A weld was formed with a three wire welding system 
employing one microalloyed wire of the Wire C type 
(?rst wire), and two unalloyed wires of the Wire D type 
(second and third wires). Welding powder OP 122 was 
used. The ?rst wire was connected to 810 A at 30 V. 
The second wire was connected at 790 A at 33 V. The 
third wire was connected to 680 A at 34 V. The welding 
speed was 125 cm/min. The notch impact strength in 
Joules, according to ISO-V at —20° C., was 
154/158/160. 
The results of the above ?ve Examples permit three 

conclusions to be drawn. First, the standard type Flux 
ocord 35.22 used in the multiple wire process produces 
a less favorable result than the combination of over 
microalloyed ?ller wires and unalloyed solid wires. 
Thus, the combination according to the present inven 
tion provides a de?nite advance in the art. Second, the 
use of powder OP 121 TT (degree of basicity 3) and OP 
122 (degree of basicity 2) fail to prove that higher basic 
ity, and therefore, lower oxygen content of the weld 
metal are advantageous. Third, over-microalloyed ?ller 
wires B and C can be used in numerous different ways. 
Combination ratios of the over-microalloyed wires to 
the standard solid ?ller wires of 1:2 or 2:2 are possible. 
A test with a combination ratio 1:3 in 4-wire welding 
also gave good results. 
While various embodiments have been chosen to 

illustrate the invention, it will be understood by thosed 
skilled in the art that various changes and modi?cations 
can be made therein without departing from the scope 
of the invention as de?ned in the appended claims. 
What is claimed is: 
1. A process for submerged arc welding, comprising 

the steps of: ‘ 

providing granular flux in an area to be welded; 
electrically coupling a plurality of welding wires to a 

source of electrical energy, at least one of the weld 
ing wires being an over-microalloyed wire, the 
remaining welding wires being of the group con 
sisting of unalloyed and low-alloyed solid wires; 
and 
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6 
supplying electrical energy to the welding wires si 

multaneously. 
2. A process according to claim 1 wherein, with an 

alloying factor of 2, the ratio of the number of over 
microalloyed wires to the number of remaining wires is 
1:1. 

3. A process according to claim 1 wherein, with an 
alloying factor of 3, the ratio of the number of over 
microalloyed wires to the number of remaining wires is 
1:2. 

4. A process according to claim 1 wherein, with an 
‘alloying factor of 4, the ratio of the number of over 
microalloyed wires to the number of remaining wires is 
1:3. 

5. A process according to claim 1 wherein, with an 
alloying factor of 2, the ratio of the number of over 
microalloyed wires to the number of remaining wires is 
2:2. 

6. A process according to claim 1 wherein, with an 
alloying factor of 1.5, the ratio of the number of over 
microalloyed wires to the number of remaining wires is 
2:1. 

7. A process according to claim 1 wherein the over 
microalloyed wire is a solid wire. 

8. A process according to claim 1 wherein the over 
microalloyed wire is a ?ller wire comprising a ?ller 
with microalloying components. 

9. A process according to claim 1 wherein said flux is 
analytically neutral. 

10. A process according to claim 1 wherein said flux 
comprises microalloying components. 

11. A process according to claim 1 wherein a weld 
metal structure is produced with a high proportion of 
acicular ferrite. 

12. A product obtained by the process of claim 11. 
13. A process according to claim 11 wherein the 

surface proportion of acicular ferrite is at least 60 per 
cent. 

14. A product obtained by the process of claim 13. 
15. A process according to claim 11 wherein a single 

welding pass is performed. 
16. A process according to claim 11 wherein a plural 

ity of welding passes are performed. ‘ 
17. A product obtained by the process of claim 1. 
18. A process for submerged arc welding, comprising 

the steps of: 
providing granular ?ux in the area to be welded; 
electrically coupling ?rst and second sets of welding 

wires to a source of electrical energy, said ?rst set 
of welding wires being over-microalloyed wires, 
said second set of welding wires being of the group 
consisting of unalloyed or low-alloyed solid wires, 
the number of wires in said ?rst set being at least 
one and less than or equal to the number of wires in 
said second set; and 

supplying electrical energy to the welding wires si 
multaneously. 

19. A process according to claim 18 where'one of the 
over-microalloyed wires is ?rst in a welding direction. 

20. A product obtained by the process of claim 18. 


